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PURPOSE: To obtain an optical thin film material with which an optical thin film excellent in 
antireflection characteristics and durability can be formed and to obtain an antireflection film 
using this material by using a metal oxide containing tantalum and titanium as metal 
elements. 

CONSTITUTION: This optical thin film material is metal oxide containing tantalum and 
titanium as metal elements. This antireflection film is a thin film of metal oxide containing 
tantalum and titanium formed on a plastic optical element. The thin film of metal oxide 
containing tantalum and titanium is preferably produced by mixing a ditantalum pentoxide 
powder and a titanium oxide powder, sintering or fusing the mixture, and vapor depositing the 
material by an electron gun heating method. Ditantalum pentoxide and titanium oxide used in 
this method are not limited but any state of these can be used. Especially, for sintering, a 
powdery state having a proper particle size is preferable for easy sintering. Further, it is 
preferable to mix the two powders before sintering. 
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CLAIMS DETAILED DESCRIPTION 



lClaim(s)] 

[Claim 1] The optical thin film material 
characterized by being the metallic oxide 
which contains a tantalum and titanium 
as a metallic element. 
[Claim 2] The optical thin film material of 
the claim 1 to which a metallic oxide is 
characterized by being the sintering 
object of 5 oxidization 2 tantalum and 
oxidization titanium. 
[Claim 3] The optical thin fdm material of 
the claim 1 characterized by a metallic 
oxide being the melting object of 5 
oxidization 2 tantalum and oxidization 
titanium. 

[Claim 4] The optical thin film material of 
the claims 2 or 3 whose oxidization 
titanium is the 100 - 0.5 weight section to 
the 5 oxidization 2 tantalum 100 weight 
section. 

[Claim 5] The antireflection fdm 
characterized by being the thin film of the 
metallic oxide in which the 
aforementioned antireflection film 
contains a tantalum and titanium in the 
antireflection film formed on the optical 
element made from plastics. 
[Claim 6] The antireflection film of the 
claim 5 characterized by preparing the 
hard -coat layer of an organosilicon 
compound on the optical element made 
from plastics, and forming the 
antireflection film on it. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention 
relates to the antireflection film formed 
on an optical thin film material and the 
optical element made from plastics, and 
the antireflection film whose 
acid-resisting property and endurance of 
the improved especially. 
10002] 

[Description of the Prior Art] Since the 
optical element made from plastics is 
excellent in the lightweight nature and 
shock resistance and can do processing 
easily it is used for a glasses lens, a 
camera lens, a CRT filter, etc. In such an 
optical element, the reflection from the 
front face of these optical elements causes 
the unnecessary reflection which 
light-transmission nature is reduced and 
is called a flare, ghost, etc., and reduces 
the optical property. Therefore, in order 
to prevent reflection on the front face, 
attaching a multilayer antireflection film 
by the vacuum deposition method or the 
sputtering method is performed widely. 
[0003] 

[Problem(s) to be Solved by the 
Invention] Although it is determined that 
the kind of the film will fill the thickness 
and the refractive index which were 
calculated by the theory of an optical thin 
film in these multilayer antireflection 
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film, since a limitation is in the refractive 
index of the matter which actually exists 
ahout a refractive index, an antireflection 
film with sufficient acid-resisting effect is 
not necessarily made. Especially a 
multilayer antireflection film for plastic 
plates of a high refractive index that has 
the refractive index [ good 1 used 
especially now for 1.G0 is expected 2.10 or 
more for a refractive index 2.00 or more 
as a high refractive-index thin film 
material, and a zirconium oxide, 
oxidization titanium, 5 oxidization 2 
tantalum, a cerium oxide, etc. are fond, 
and are used. However, as for a zirconium 
oxide, for a 1.95-2.00, and low reason, 
sufficient acid-resisting effect is not 
acquired for a refractive index, softly [ the 
film ], although the refractive indexes of 
oxidization titanium or a cerium oxide 
are 2.05 2. 15, although, as for a low and 5 
oxidization 2 tantalum, 2.00 2. 05 are 
obtained for a thermal shock resistance 
with a refractive index, absorption occurs 
in a thin film, permeability becomes low 
again, and a good property is not 
acquired. 

[0004] In order to solve these problems, in 
JP, 2- 29 1502, A, use of 5 oxidization 2 
tantalum, a zirconium oxide, and the 
mixture sintered compact of a yttrium 
oxide is indicated. However, this sintered 
compact has intense scattering of 
material, when an electron gun is used at 
the time of vacuum deposition. A part of 
the material which dispersed serves as a 



big particle, and it adheres on an optical 
element. Since the intensity of a thin film 
was increased between a substrate and a 
multilayer antireflection film when it 
cannot necessarily say that it is enough 
and uses which material, since there are 
a poor cause and a poor bird clapper, 
although the hard coat layer of an 
organosilicon compound was prepared in 
many cases, about the thermal shock 
resistance, it was not enough. 
[0005] Since the multilayer by which 
vacuum evaporationo was carried out as 
mentioned above on plastics did not have 
the sufficiently high refractive index of 
high refraction material, it had the 
troubles that an acid-resisting property is 
not enough and that a thermal shock 
resistance was weak. Therefore, the 
trouble considered as solution of this 
invention does not have an optical 
property and an enough thermal shock 
resistance on a plastic plate. 
[0006] 

[Means for Solving the Problem] It was 
made in order that this invention might 
solve the above-mentioned trouble, and 
the antireflection film by this invention is 
characterized by being the thin film of the 
metallic oxide in which the 
aforementioned antireflection film 
contains a tantalum and titanium in the 
antireflection film formed on a plastic 
plate. Moreover, this invention is an 
optical thin film material characterized 
by being the metallic oxide which 
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contains a tantalum and titanium as a 
metallic element. 

[0007] The object to which 5 oxidization 2 
tantalum powder and oxidization 
titanium powder were mixed, and the 
vacuum evaporationo of the thing which 
sintered or combined [ melting ] was 
carried out by the electron gun heating 
method is suitable for the thin film of the 
metallic oxide which contains a tantalum 
and titanium in this invention. Although 
there is nothing and any object is usable, 
5 oxidization 2 tantalum and oxidization 
titanium which are used here have an 
object desirable [ especially a limit ] with 
a moderate powdered particle size so that 
it may be easy to sinter especially in 
sintering. As for 5 oxidization 2 tantalum, 
as these mean particle diameters, it is 
desirable that it is about 0.20.3 
micrometers as oxidization titanium in 
about 0.51 micrometer. Furthermore, 
before sintering, it is desirable to mix 
both beforehand and methods, such as 
using a ball mill as the mixed method, 
are. Sintering makes fine particles the 
shape of a pellet by the method of a press 
etc. beforehand, and burns and hardens 
them with an electric furnace etc, A 
certain thing of heating temperature is 
desirable 1000 degrees C or more. 
Moreover, fusing is desirable after mixing 
with a ball mill etc. beforehand so that 
both may be mixed enough similarly 
when fusing. The RF dissolution, electron 
beam melting, etc. are used as a method 



of fusing. As for the mixture which comes 
to mix each powder, or the composition 
ratio of a compound, in a weight ratio, it 
is desirable that it is oxidization titanium 
5% to 5 oxidization 2 tantalum 95%. Thus, 
the obtained vacuum evaporationo film 
does not have absorption like a 5 
oxidization 2 tantalum film, and 
compared with an oxidization titanium 
film, a thermal shock resistance is good 
and has far the endurance which was 
very excellent in especially the warm 
water examination. The high numeric 
value of 2.15 is shown and it is [ in / a 
refractive index ] still more effective also 
from a film design, in addition, 
oxidization titanium 100 - the 0.5 weight 
sections are suitable to the 5 oxidization 
2 tantalum 100 weight section - the 
mixing ratio of the oxidization titanium 
which is a mixing ratio is desirable at a 
point with little scattering of material, 
and 0.5 or more weights have little 
absorption of a thin film, and below its 
100 weight sections are desirable at the 
point that sufficient permeability is 
acquired As oxidization titanium, Ti02, 
Ti 203, Ti305, etc. are used. 
[0008] Although three layer membranes 
of the two-layer film of 
lambda/21ambda/4, lambda/4-lambda / 
21ambda/4** etc. can very consider an 
antireflection film as composition of an 
antireflection film, for raising the 
property of acid resisting further, even 
the multilayer of four or more layers is 
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possible. 

[0009] In the multilayer antireflection 
film which comes to carry out the 
laminating of a low refractive-index film 
and the high refractive-index film by 
turns, it is suitable that it is the thin film 
of the metallic oxide in which a high 
refractive index film contains a tantalum 
and titanium. In addition, it is desirable 
to use a silicon-dioxide film from the field 
of a physical characteristic especially as a 
low refractive-index film. 
[0010] As plastics used as the base 
material of the antireflection film used 
for this invention, a methyl methacrylate 
homopolymer, The copolymer which uses 
methyl methacrylate and one or more 
sorts of other monomers as a monomer 
component, A diethylene-glycol bisallyl 
carbonate homopolymer, the copolymer 
which uses die thy lene -glycol bisallyl 
carbonate and one or more sorts of other 
monomers as a monomer component, 
Optical substrates made from plastics, 
such as a sulfur content copolymer, a 
halogen content copolymer, a 
polycarbonate, polystyrene, a polyvinyl 
chloride, a unsaturated polyester, a 
polyethylene terephthalate, and 
polyurethane, etc. are raised. Moreover, 
the object which prepared the hard-coat 
layer containing the organosilicon 
compound on these plastic plates can also 
be included, 

[001 1] Furthermore, as the formation 
method of an antireflection film, the ion 



plating method, the sputtering method, 
etc. can be included other than a vacuum 
deposition method. 
[0012] 

[Example] a following this invention - an 
example -- a basis **** - although 
explained concretely, this invention is not 
the object limited to this 
[001 3] (Example l) After mixing and 
carrying out press forming of the powder 
(0.7 micrometers of mean particle 
diameters) of 5 oxidization 2 tantalum, 
and the powder (0.25 micrometers of 
mean particle diameters) of oxidization 
titanium (Ti02) using a ball mill by the 
weight ratio of 95 : 5, sintering was 
performed at 1000 degrees C in the 
atmosphere for 4 hours, and it considered 
as the pellet for vacuum evaporationo. 
This is set to Haas for vacuum 
evaporationo of an electron gun (JEOL 
JEBG102) stationed in a vacuum tub 
(BMC850 made from a synchrone), and it 
is lxl0-5Torr about the inside of 
equipment. After exhausting until it 
becomes, with the electron beam, it 
dissolves, these were evaporated, and 
optical thickness nd=125nm was made to 
deposit on the plate of the plastics which 
consists of a polymer of the 
diethylene-glycol bisallyl carbonate 
beforehand set in the vacuum tub. The 
plate of those plastics was taken out after 
the vacuum evaporationo end, and 
absorption and the refractive index were 
calculated from the permeability and 
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reflection factor of the thin film for which 
it asked from the spectrophotometer 
(Hitachi U-3400 type). The formula 1 was 
used for calculation of absorption and the 
formula 2 was used for calculation of a 
refractive index. 

Formula 1 (absorption) = 100 
(permeability) (+ (reflection factor)) 
10014] 

[External Character l] 

5*2 (X«JSifr#) 1/2 ) 

(JHff*) = ( ) 1/2 

<1-<K«*)) 1/2 

This evaluation showed that 2.0 or more 
high refractive indexes were obtained 
without absorption as the thin film 
material of this invention is shown in the 
1st table. 

[0015] (Example 2) To the spectacle lens 
made from plastics which consists of a 
polymer of diethylene -glycol bisallyl 
carbonate 2-ethoxyethanol 300g, 
2methoxy ETARORU distribution 
colloidal silica 470g, alpha-glycidoxy 
propyltrimethoxysilane 185g, flow control 
agent 0.03g, and 50g of 0.05-N 
hydrochloric-acid solution are added. 
What carried out the DIP coat of the 
solution agitated at the room 
temperature for 2 hours, and was used as 
the hard-coat layer is used as a vacuum 
evaporationo-ed substrate, the pellet for 
vacuum evaporationo created in the 
example 1 ** - the electron gun after 
exhausting until it sets, respectively 
what carried out grain-size manufacture 



of the melting silicon dioxide (product 
made from OPUTORON) at 13mm to 
Haas for electron gun vacuum 
evaporationo stationed in a vacuum tub 
and the inside of equipment is set to 
lxl05Torr It dissolves, these were 
evaporated and the multilayer 
antireflection film of film composition as 
shown in the 2nd table was created. Thus, 
in order to evaluate the endurance about 
the created multilayer antireflection film, 
the following points compared the 
appearance of a lens, the adhesion of a 
thin film, and the thermal shock 
resistance. 

[0016] Hold up a lens to the lighting 
which uses an appearance slide projector 
as the light source, visually be divided, 
and there needs to be no dispersion of 
that there are not a crack and a 
wrinkling and light. 

[0017] the cross cut of the adhesion lens 
side was carried out so that it might 
become 100 measure at intervals of 1mm, 
and the cellophane tape (the Sekisui 
make, tradename Scotch tape No. 252) 
was strongly stuck on it - back -- at the 
angle of 45 degrees, it lengthened quickly, 
and removed, and the existence of 
ablation of a multilayer antireflection 
film, a hard -coat layer, and a substrate 
side was investigated 
[0018] Thermal shock resistance (warm 
water examination) 

The lens which attached the multilayer 
antireflection film was dipped in warm 
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water and the cold water kept at 20 
degrees C by a unit of 10 second by turns, 
and this was repeated 5 times. It raised 5 
degrees C of temperature of warm water 
at a time from 60 degrees C at first, and it 
examined until abnormalities, such as a 
crack and a wrinkling, occurred in 
appearance. 

[0019] Also in which item, it is good as 
the result of these evaluations is shown 
in the 3rd table, and it turns out that 
endurance, especially the thermal shock 
resistance are very excellent in the 
material of this invention. 
[0020] (Example 3) Powder (0.7 
micrometers of mean particle diameters) 
of 5 oxidization 2 tantalum, and powder 
of oxidization titanium (Ti02) (0.5 
micrometers of mean particle diameters). 
After mixing and carrying out press 
forming using a ball mill by the weight 
ratio of 95^5, the multilayer antireflection 
film was formed by the same method as 
an example 2 on the plastic plate same 
with the film composition of the 1st table 
as an example 2, and the same method as 
an example 2 estimated the object which 
was made to carry out a melting reaction 
using an electron beam, was made to 
generate the compound of 5 oxidization 2 
tantalum and oxidization titanium, and 
ground it to one to 3 mm. The obtained 
result was good as shown in the 3rd table. 
[0021] (Example 4) When the substrate of 
an example 2 was changed to the thio 
urethane resin and formation of a 



multilayer antireflection film and 
evaluation were performed by the same 
method as an example 2, it was good as 
shown in the 3rd table. 
[0022] (Example 1 of comparison) the 
particle to which bumping was intense 
and leaped up when the 5 oxidization 2 
tantalum powder of an example 1 and the 
powder of oxidization titanium were 
made to press [ 50:50 came out 
comparatively by the weight ratio, mixed 
them, and ] and sinter and were dissolved 
with the same equipment as an example 
1 - a substrate - keeping an exterior - 
it was not desirable 

[0023] (Example 2 of comparison) when 
only the 5 oxidization 2 tantalum powder 
of an example 1 is made to press and 
sinter and is dissolved and evaporated 
with the same equipment as an example 
1, absorption occurs in a thin film and 
brown coloring sees it - having - an 
exterior it was not desirable 
10024] (Example 3 of comparison) Press 
forming and after calcinating, the 
multilayer antireflection film was formed 
by the same method as an example 2 on 
the plastic plate same with the film 
composition of the 2nd table as an 
example 2, and the same method as an 
example 2 estimated only the powder of 
the oxidization titanium of an example 2. 
The obtained result was a thing inferior 
to a thermal shock resistance as shown in 
the 3rd table. 
[0025] 
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[Table l] 





n m 


S8* (*) 




**#)] 


SMI •«»«!* 1 


0.4 


2.10 


item 




0.0 


2.10 






3.0 





10026] 
[Table 2] 
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[Table 3] 
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[0028] 

[Effect of the Invention] In the multilayer 
antireflection film which comes to carry 
out the laminating of a low 
refractive-index film and the high 
refractive index film by turns on a plastic 
lens, it became possible to raise the 
property and endurance of this invention 
remarkably by using the thin film of the 



metallic oxide which contains a tantalum 
and titanium in the aforementioned 
quantity refractive -index film as 
mentioned above. 
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